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(54) Coated cutting tool member 

(57) The present irrvention provide for a cutting tool 
member that has been coated with a hard coating. The 
hard coating has nxifttple layers including: a) a layer 
made of a titanium compound tfiat has a cubic lattice 
structure, b) an AI2O3 layer, and c) an intoning layer 
that Includes a Ti203 compound with a corundum-type 
lattice structure The hard coating layer provides the 
cutting tool memt>er with good strength and increases 
its operational lifetime. 
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Descrfpaon 

BACKGROUND OF THE INVENmON 
5 FiM of the Invention : 

The present invention relates to a coated cutting tool niember that resists chopping and wear tor long periods of time 
during cutting operations. 

TO Description off the Related Art 

Coated cait^ide cutting tool members are preferably composed of a tungsten cart>ide-based cemented carbide 8ut>- 
strate and a hard coating layer preferably made of aluminum oxide (hereinafter referred to as "AlgQaO. Preferably, they 
further comprise a cubic-type titanium compound layer preferBt)ly including at least one layer of titanium compound hav- 

IS ing a ''cut3lc" crystal structure preferably selected from titanium carbide (TiC), titanium nitride (T1 N). titanium cartxuiitride 
(TiCN). titanium carboxide (TiCO). titanium nltroodde (TiNO) and titanium cartx^rtitiraxide (TiGNO). The hard coating 
layer is formed preferably t>y means of chemical vapor deposition arKl/br physical vapor deposition and have an average 
thickness of 3 to 20 ^m. X-ray diffraction can confirm that the crystal structure of a titanium conrpound layer is cubic- 
type (hereirwfler refen^ed to as "cubic-type titanium compourvd layer"). A coated cart)ide cutting tool member having a 

20 hard coating layer, wherein the first layer is TiN. the second layer is TICN. the third layer is TiCNO. the fourth layer is 
AI2Q3 and fifth layer is TiN disclosed in Japanese Unexanvned Ratent Publication Na7-326810 (the contents of which 
are hereby incorporated by reference). These coated cait>ide cutting tool members are widely used in various fields of 
cutting op&ations. for exanple, continuous and interrtpted cutting operation of metal work pieces. 

It is known that cubic-type titanium compound layers have granular crystal morphology and are used for many 

25 applications. Recentiy. TiCN layer that a longitudinal crystal morphology has found use as a highly wear resistant 
coating layer. TiC layers have been used a Nghty abrasion resistant materials in many applications TiN layers have 
been used in many f iefos. for example, as an outermost layer of a coated ojtting tool member and for varfous decorative 
prochjcts, t>ecause of it beautiful exterr^ view fike goki. Layers of AI2O3 have several different crystal polymorphs, 
among which tiie alpha-AI^ is Known as tiie thermodynamically most stable polymorph, having a corundum struc- 

30 ture. Typically, an coating formed by CVD has three kinds of AI2O3 polymorphs, namely, stalile alpha-Al2Q3, 
meta-stable kappa-AlgOa and anxxphoue AI2O3. 

In recent years, ttiere has been an increasing demard for tatxxr-saving. less time consuming cutting operations. 
These operations preferably irKlude high speed cutting operations such as high speed feedirtg sndJor high ^eed cut- 
ting. In these cutting operations, cutting tools are exposed to extraordinarily severe conditions. During these high speed 

35 cutting operations, the tenperature of the cutting edge rises to 100(rC, or more and work chips of exceedingly high 
temperature are in contact with the surface of the rake face of the cutting tool. This pherx)menon acc^erates the occur- 
rence of crater wear on the rake face. Thus, the cutting tool is cNpped or damaged at a relatively early stage. 

In order to circumvent this situation, a coated caibkle cutting tool which has a relatively thick Al2C^ layer has been 
examined and produced. The AI2O3 layer has faworatile properties such as extremely high resistance against oxidation. 

40 chemical stability and high hardness which meet ^e demands of cutting tools that are used under Ngh temperature 
corxiitions. However, applying AI2Q3 layers to cutting tools does rx>t work out as one desires. Adhesion strength of the 
AI2Q3 layer to an adjacent cubic-type titanium compound layer is usually not adequate, especially when the AI2O3 pol- 
ymorph is alpha-type, and it is also inevitak^le that the AI2O3 layer has local nonuniformity in its thickness when it 
becomes a thicker layer. The AI2O3 layer tends tot be thicker at the edge portion of the cutting tool, for example, than 

45 that at the ottier portions of the tool. When the thick AI2O3 layer is applied as a constituent of a hand coating layer, it is 
likely to show relatively short like time, tor example, due to an occurrence of some kind of damage such as chipping, 
flaking and breakage. 

As the cutting speed of various cutting operations continue to inaease. thicker coatings of AI2O3 wiD be required to 
protect carbide cutting tools. With thk;ker AI2O3 layers, tool-life time will be more sensitive to both the adhesion strength 
50 between AI2O3 layer and cubic-type titanium compound layer as well as the tougtviess of AI2O3 layer itself. MettKXfe tor 
adhering AI2O3 layers to other compound layers and methods tor making tough and thick AI2O3 layers continue to groM 
In importance with increasing demand for cutting tools that work at higher and higher speeds. 

SLMMARY OF THE INVEMTION 

55 

Accordingly, one object of iHs invention provides for a coated carbkJe cutting tool member having a thick AI2O3 
layer that strongly adheres to a cubfo-type titanium oonpound layer and that shows excellent unitomiity in AI2O3 thk:k- 
ness. Another obiect of the invention provides for ooated cartikle cutting tool members which have excellent wear resist- 
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ance ana damage resistance. 

These and other obiects of the present invention have been satisfied by the discovery of a coated cartaide cutting 
tod member whose cemented carbide sUbstrate is coated with hard coating layer preferably conprising a titanium com- 
pound layer virith a cutsic lattice structure, an AI2O3 layer* and an intervening layer that lies between the titanium conv 
5 pound layer and the AI2O3 layer. The intervening layer preferably conprises titanium oxide tfiat has a corundum -type 
lattice structure (hereinafter referred to as TiaOa'O* This coated carbide cutting tod member gves good wear resist- 
ance and long tod Gfeb'me when used in Ngh speed cutting operations. 

BRIEF DESCRIPTION OF THE DRAWING 

10 

A more oonrplete aiY^redation of the invention and many of the attendant advantages thered will be readily 
obtained as trie same becomes better understood by reference to the following detailed descr^on when considered 
in connection with the accompanying drawings, wherein: 

15 Figl is a graph showing X-ray di f fracti w for coated cart)ide cutting inserts in accordance with the present invention 
23 in EXAMPLE 3. before the deposition of AI2O3 layer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMEhfT 

20 The present invention provides for a cutting tod having a cutting tool member that s coated with a hard coating 
layer. A 'cutting tod member* refers to the part d the cutting tool that actually cuts the work piece Cutting tool members 
Indude excliangeable cutting inserts to be mounted on face milling cutter bodies, bit shanks of turning tools, and cutting 
blade of end mills. The cutting tod member is preferai)ly made d tungsten carbidetesed cemented cart)ide sutistrates. 
A hard coating coats preferably a fraction of the surface, more preferably the entire surface of the cutting toot merri- 
es ber. The hard coating is preferat>ly made of a titaniun compound layer with a cil>ic lattice structure, an AI2O3 layer, and 
an imervening layer that lies between the titanii^ conrtpound layer and the AI2O3 layer. The intervening layer may 
direcUy contact one or both of the titanium compound layer with a cubic lattice structure and the AI2O3 layer. Although 
the AlsOs layer is preferably the outernrK)st l^yer of the hard coating layer, a TiN layer is used as outermost layer in marry 
cases because of its beautiful appearance. 
30 The titanium oonpound layer with the cdoAc lattice structure is composed d at least one i^er selected from the 
group consisting of TIC, TIN, TiCN, TiCO. TiNO and TiCNO. The intervening layer preferably comprises titanium oxide 
that has a oorundum4ype lattice structure (hereinafter referred to as HlsOa"). 

The preferred embodim&rts d the present invention were discovered after testing many different kinds d hand 
coating layers on coated carbide cutting tod members. In all d these tests, the hard coating layers induded at least one 
35 titanium conrpound layer with a cubic lattice structure, at least one AI2O3 layer, and an intervening layer between the 
two other layers. From these tests, the following results (A) through (G) were found: 

(A) When intervening layer preferat)ly comprising Ti^J^ was inserted between said cubic-type titanium conrpound 
layer and said AI2O3 layer, the obtained coated carbide cutting tod exhbited longer tool life time. 

40 (B) When intervening layer preferably conrprising Ti203 was used, the cutting properties of the okitained cutting tool 
member varied aocor<£ng to the specific orientation in X-ray diffraction d said intervening layer. X-ray diffraction 
was performed using Cu Ka-ray. When an intervening layer preferatdy comprises T12O3 having an X-ray diffraction 
pattern showing the maximum peak intensity at 2e=S3.Q±^'* (the same as ASTM1 0-63, the entire contents d which 
are hereby incorporated by reference), the obtained coated carbide cutting tod member exhibited longer tod life 

45 time. Moreover, when intervening layer prderat)ly comprises TI2O3 having an X-ray diffraction pattern showing the 
maximum peak intensity at 2 0»34.5±1^. the obtained coated carbkfe cutting tod member exhitxted an even longer 
Etotime. 

(C) When an intervening layer preferably conprises Ti203. having an X-ray diffractk>n pattern showing the maxi- 
mum peak intensity at 2es34.S±1^. arxl further comprising a suitable amount d TiCNO. the obtained coated car- 

50 bide cutting tool member exhibited even longer tod lifetimes in high speed continuous arKi interrupted cutting 
operations for steel and cast iron. The presence d TiCNO phase was confirmed by elemental analysis using an 
EPMA (electron probe mk;ro analyzer] and X-ray diffraction. However, too much TiCNO in the intervening layer was 
not favorable because the properties d said layer became similar to that d cubic TICNO layer. 

(D) Other titanium oxide layers which can be obtained by chemical vapor deposition process Induding TiO. T14O7 
55 and Ti02 were also evaluated as intervening layers. The surface d these tayers were smooth and dense nudeation 

of AI2O3 was obtained for the intervening layers made from these nnaterials just like for T12O3. We thought that 
these phenomena might be attributed to the high density of oxygen atoms on the surface d said layers. For these 
layers, the presence of a cubic titanium conpoind phase was nd confirmed. Coated csMde cutting inserts having 
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intervening tayers made from TiO. TI4O7 and ri02 exhibited inferior cutting propertiee compared to the intervening 
layer oomprising mainly TigQa. Flaking of Al^ layer and chipping in quite early stages of cutting operation were 
frequently observed even in continuous cutting operations of steel and cast iron. For these observations we have 
found that Ti^^z is preferred intervening layer between a ciiiic-type titanium oonrpouid layer and an 

5 AlgOa layer. 

(E) Improvement in cutting properties by having an intervening layer comprising mainly T12O3 might be attrilxited 
to the higher adhesion strength between this layer and the AI2O3 layer compared to the adhesion strength between 
a cubic-type titanium conpound layer and an Al20^ layer. We interpret the concept of 'adhesion strength" as a 
combination effect of the "chemical bonding" between the two layeiB which are in contact with each other and the 

10 "mechanical kx)ncing" between these two layers. An intervening layer preferably oomprising T12O3 may have higher 
chemical tx)nding toward an AI2O3 layer than other cubic-type titeuiium compound layers and this layer may have 
more mechanical t>onding because its surface is preferably rough, it has been confirmed that the surface morphol- 
ogy of the layer comprising mainly TI2Q3 is made favorable rougher, by the addition of a suitable amount of TiCNO 
In said layer. The positive effect of TICNO in the layer comprising mainly Tl^Oa may be due to an increasing of 

IS nrwchanica] bonding between said layer and the AI2P3 layer. 

(F) Ihe chemical bondir^ t>etween other titanium oxide intervening layers. TIO. TI4O7 and TIO2 arvJ the AI2O3 layer 
may also be high. However, the cutting properties of the coatoj cart>ide cutting tool memt>er using these titanium 
oxides was found inadequata We think that the reason for the relative short tool Gfetime in cutting operations for 
these intervening layers might be attributed to a lack of a sufficient surface rougfinesa Consequently, the mechan- 

20 kaL\ bonding between the intervening layers and the AI2O3 layer might have been weak. 

(Q) When the Al20^ layer gets thicker, the tod lifetime of the coated carbide cutting tool member gets shorter. 
E^^seriments revealed that the shorter lifetime of the tool was caused by fracturing in the thick A1203 layer. The f rac- 
tuing was attrOsuted to a brittleness of thicker AI2O3 layers, especially at the edge of the tool member. This is 
because the AI2O3 layer at the edge is generally tHcker than tfiat aft any other part of the tool, such as flank face or 

25 rake face. 

In these cases, it is possUe to make the thick AI2O3 layer tougher by replacing the thk;k AI2O3 with a composite 
structure layer preferably corrprising at least two AI2O3 layers and at least one intervening layer preiferably comprising 
mainly Ti2^. By this method, the nonunHbrmity in AI2O3 layer thickness was inrproved and consequently tool lifetime 

30 of sakJ cutting tool member was inproved even for an interrupted cutting operation. 

Based on these results, the present invention provides for a coated carbkJe cutting tool member that exhbits 
extremely high wear resistarKe fbr various cutting operations and tfiat has a long tool IHMme by providing a coated car- 
k)tde cuttir>g tool member preferably conrposed of a cemented cart)kje 8ut)5trate and a hard coating layer preferably hav- 
ing an average ttiickness of 3 to 25 iim formed on said sut)strate t>eing composed of at least one laya- selected from 

35 the group of TiC, TIN, TiCN. TICO, TiNO, TiCNO and AI2O3, wherein said hard coating layer further has an intervening 
layer preferably comprising mainly T12O3. having an X-ray diffraction pattern sliowing the maximum peak intensity at 
26=34.511°. and formed k>etwe&i said cubic-type titanium compound layer and said AI2O3 layer. The present Invention 
also provkles for a coated carbide cutting tool memt)er with a Xhkk AI2Q3 layer tfiat exhitxts extremely high toughness 
by provUing a coated cartxde cutting tool member, wherein tfie Al20^ layer is replaced with a composite structure layer 

40 preferably oomprising at least two AI2O3 layers and at least one intervening layer preferably oomprising mainly T12O3. 

In the present invention, the average thickness of the hard coating layer is preferably 3 to 25 |im. Excellent wear 
resistance cannot be achieved at a thickness of less than 3 |im. whereas damage and chipping of the cutting tool mem* 
ber easily occur at a thickness of over 25 |im. 

The average thickness of the intervening l^er is preferably 0.1 to 5 nm. Satisfactory tx)rKling effect toward both 

45 cubic-type titanium compound layer and AI2O3 layer cannot be achieved at a thickness of less than 0.1 |im. whereas 
the possibility of chpping occurrence of the cutting toot member becomes significant at a thickness of over 5 |im. 

The average thickness of the individual AI2O3 layer in composite structure layer is preferably 0.5 to 12 (im. more 
preferably 0.5 to 10 ^m, stiD more preferably 0.5 to 7 pm. It becomes difficult to provkJe satisfiactory properties of AI2O3 
such as oxidation resistarx;e, chemical stability arvj hardness toward said composite structure layer at a thickness of 

50 less than 0.5 |im, whereas txxth the uniformity of layer thkieiess and toughness of sakl composite structure layer 
t>ecomes insufncient at a thk:kness of over 12 lurt 

The average thictoiess of the indivklual intervening layer in conposite, structure layer is preferably 0.05 to 2 |jm. It 
becomes difficult to keep sufficient toughness of cutting tool member at a thickness of less than 0.05 |im, whereas wear 
resistance decreases at a tfiickneseof over 2 ]sm. 

55 The ratio of TiCNO in an intovening layer oonrpriang mainly T12O3 was e^q^n'essed using ratio of cartwn plus nitro- 
gen in said layer as foUows: 

preferably 0% s (C+NyTnOiC^ ^ 10% 
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more preferauy o.s% s ((>fN)/(Tl-K^C>fN) s 5%. 

The properties of said layer were simitar to that of a ojbic TiCNKD layer when the ratio was over 10%. 

The tut)i{f lattice structur is defined to include simple cubic lattices, body centered cubic lattices, and face cen- 
5 tered cubic lattices, among others. 

Further, said layer mainly comprt^ng Ti203 is formed by means of chemical vapor deposition using a reactive gas 
preferably containing 0.4 to 1 0 percent by volume (hereinafter merely percent) of TtCf4. 0.4 to 1 0 percent of carbon diox- 
ide (CO2), 5 to 40 percent of nitrogen (Ng), 0 to 40 percent of argon (Ai), and the remaining balance of the reactive gas 
being hydrogen {H^ at a temperature of 900 to 1 100^ and a pressue of 30 to 500 Ton-. 

10 

gXAMPLES 

IHaving generally descra>ed thm inventioa a further understanding can be obtained by reference to certain specific 
exairples which are provided herein fbr purposes of fllustration only and are rust irrtended to be Uniting unless otherwise 
15 specified. 

EXAMPI-E1 

The following powders were prepared as raw materials: a WC powder with an average grain size of 2.8 ^m; a 
20 coarse WC powder with an average grain size of 4.9 pm: a TiC/WC powder with an average grain size of 1 .5 Mm 
(TiC/WC s 30/70 by weight); a (Ti,W)CN powtder with an average grain size of 1.2 ^ (TiC/TirsVWC » 24/20/56); a 
TaC/^bC powder with an average grain size of 1 .2 pni (TaC/hbC » 90/1 0); and a Co powder with an average grain size 
of 1.1 These powders were corrpounded based on the formulation sIxMrn in I,wet-mi]ffidinaballmillfbr72 
hours, and dri«l. The dry mixture was pressed to form a green c om pact for cutting insert defined in ISO-CNMGl 20408 
25 (fbr cart>ide siisstrates A through D) or ISO-SEEN42AFTN1 (for cart>ide sut)8trate E). followed by vacuum sintering 
under the conditions set forth in Table 1 for Carbide substrates A through E. (Note: the contents of ISOCNMQ1 20408 
and ISO-SEEN42AFTN1 are hereby incorporated by reference.) 

The carbide substrate B was held in a CH4 atmosphere of 100 Torr at 1 400''C for 1 hour, followed by annealing for 
cartxjrization. The cartsurlzed sut>strate was then sutsjected to treatment l3y add and banrel finishing to remove cartxin 
30 and cobalt on the substrate surface The substrate was covered with a Co-enriched zone having a thid<ness of 42 iim 
and a maximum Co content of 15.9 percent by weight at a depth of 11 um from the surface of the substrate. 

Sintered cartside substrates A and D had a Co>enriched zorie havirig a thidmess of 23 iim and a maximum C^ 
tent of 9.1 percent by weight at a depth of 1 7 ^m from the surface of the sulastrate. Carb'de substrates C and E had no 
Co-enriched zone and had homogeneous microstructures. 
35 The Rodcwell hardness (Scale A) of each of the cart>ide substrates A through E is also shown in Table 1 . 

The surface of the carbide substrates A through E were subjected to honirtg and chemical vapor deposition using 
conventional equipment under the conditions shown in Table 2 to fomi hard coating layers that had a composition and 
a designed thickness (at the flank face of the cutting insert) shown in Tables 3 and 4. TiCN* in each Table represented 
the TtCN layer that had a crystal morphology toncptudinally grown as descrS^ed in Japanese Unexamined Patent Pub- 
40 iication No-6-6010 (the entire contents of which are hereby incorporated by reference). Coated carbide cutting inserts 
in accordance with the present invention 1 through 10 and conventional coated cart>ide cutting inserts 1 through 10 
were produc^j in such a manna-. 

Further, contirxious cutting tests arvi interrupted cutting tests were conducted fbr above cutting inserts under the 
folkawing corxiitions. 
45 A wear width on a flank face ¥vas measured Ineachtests. 

For coated caitxde cutting ir«ertB of the present inventkm 1 through 9 and conventional coat&J cartxde cutting 
inserts 1 through 9. the fblkiwing cutting tests were conducted: 

(1-1) Cutting style: Continuous turning of aDoy steel 
50 Work piece: JIS SCryl440 round bar 

Cutting speed: 350 m/min 

Feed rate: 0.4 mnVrev 

Depth of cut: 3 mm 

Cutting time: 10 min 
55 Coolant: Dry 

(1-2) Cutting style: Intenipted turning of altoy steel 

Work piece: JIS SNCf^9 square bar 

Cutting speed: 180 mhnn 
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Feed rate: 0^5 mnVtev 
Depth of cut 3 mm 
Cutting time: 5 min 
Coolant: Dry 

For coated cart>ide cutting inserts of the present invention 10 and conventional coated cartxde cutting inserts 10. 
tbilowing cutting tests were conducted: 

(1 -3) Cutting style: Mining of carbon steel 

Work piece: JIS S45C square bar (100 mm width x 500 mm length) 

Cutting tool configumtion: single cutting insert mounted with a cutter of 125 mm diameter 

Cutting speed: 200 nVmin 

Feed rate: 0.15 mnVtooth 

Depth of cut 2 mm 

Cutting time: 10 min 

Coolant Dry 

Results were shown in Table 5. 

EXAMPLE 2 

The same carbide suk)strates A through E as in EXAMPLE 1 were prepared. The surfaces of the carbide siij s tr ates 
A through E were sut)jected to honing and chemical vapor deposition using conventional equipment under the condi- 
tions shown in Tak)le 6 to form hard coating layers that had a composition and a designed thickness (at the flank of the 
cutting insert) shown in Table 7 and 8. Coated caitAde cutting inserts in accordance with the present invention 1 1 
through 20 and conventional coated cart>de cutting inserts 1 1 through 20 were produced in such a manner. 

Further, continuous cutting tests and interrupted cutting tests were conducted for atxsve cutting inserts under the 
following conditions. A wear wndth on a flank face was measured in each test. 

For coated carbide cutting inserts of the present invention 11.12 and conventional coated carbide cutting inserts 
11,12, fdkiwing cutting tests were conducted: 

(2-1) Cutting style: Interrupted turning of Ductile cast iron 
Work piece: JIS FCD450 square bar 
Cutting speed: 250 m/min 
Feed rate: 0^5 mnVrev 
Depth of cut: 2 mm 
Cutting time: 5 min 
Coolant Dry 

For coated carbide cutting inserts of the present invention 13, 14 and conventional coated carkxde cutting inserts 
13. 14, fblkTwing cutting tests were conducted: 

(2-2) Cutting style: Intenrtpted turning of Alloy steel 
Work piece: JIS SCM415 square bar 
Cutting speed: 250 m/min 
Feed rate: 0JZ5 mnVTev 
Depth of cut 2 mm 
Cuttir^ time: 5 nun 
Coolant: Dry 

For coated carbide cutting inserts of the present invention 15, 16 and conventional coated cartjide cutting inserts 
15, 16, folkswing cutting tests were conducted: 

(2-3) Cutting style: Intenipted turrting of Ccuixin steel 
Work piece: JIS S45C square bar 
Cutting speed: 250 mAnn 
Feed rate: 0^5 mnV^ev 
Depth of cut 2 mm 
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CXitting time: 5 min 
Coolant: Dry 

For coated caitoide cutting inserts of the present invention 17. 18 arKJ conventional coated cart>ide cutting inserts 
5 1 7, 16. foDowring cutting tests were conducted: 

(2-4) Cutting style: Interrupted turning of Cast iron 
Work piece; JIS FC200 square bar 
Cutting speed:'250 n\/mn 
10 Feed rate: 0.25 mm/rev 

Depth of cut: 2 mm 
Cutting time: 5 min 
Coolant: Dry 

IS For coated caitoide cutting inserts of the present Invention 19. 20 and conventional coated cart)ide cutting inserts 
19. 20. fbllGwing ojtting tests were conducted: 

(2-5) Cutting style: Milling of Alloy steel 

Work piece: JIS SCM440 square t>ar (100 mm wkfth x 500 mm length) 
20 Cutting tool configuration: single cutting insert mounted with a cutter of 1 25 mm diameter 

Cutting speed: 250 mMiin 

Feed rate: 02, mnVlooth 

Depth of cut: 2 mm 

Cutting time: 8.6 min 
2S Coolant: Dry 

Results were shown in Table 9. 

EXAMPLES 

30 

The same CEubkJe substrate A as in EXAMPLE 1 was prepared. The surfaces of the cartxde substrate A were sub- 
jected to honing and chemical vapor deposition using conventional equipment under the conditions shown in Table 10 
to form hard coating layers that had a conrposition and a designed thickness (at the flank of the cutting insert) shown in 
Table 1 1 . Coated carbide cutting inserts in accordance with the present inverttton 21 through 29 and conventional 

35 coated cart)4de cutting insert 21 were produced in such a manner. 

Intervenir^g layers comprising mainly T12O3 of the cutting inserts of present invention 21 through 29 arxi a csMc- 
type TiCNO layer of the cutting insert of conventional invention 21 were SLi)ject6d to elememat analysis using an EPMA 
(electron probe micro analyzer) or AES (auger electron spectroscopy). The cutting insert used in the elemental analysis 
was klentical to the one used in the cutt^ test The elemental analysis was carried out by irrEKfiating an electron beam 

40 having a diameter of 1 ^m onto the center of the flank face. These layers were also subjected to X-ray diffraction anal- 
. ysis using Cu ka-rc^. Anatytk^l results using a ratio of cart>on plus nitrogen in each layer. (C -i- N)/(Ti ^ O i- C -1- N) . 
were shown in Table 12. 

Further, continuous cutting tests were conducted for above cutting inserts under the following conditions: A wear 
wklth on a flank face was measured in each tests. 
45 For coated caitxde cutting inserts of the present invention 21 through 29 and oonventional coated carbide cutting 
insert 21 . fonowing cutting tests were conducted: 

(3-1) Cutting style: Continuous turning of aOoy steel 
Work piece: JIS SNCM439 round bar 
50 Cutting speed: 280 mAnin 

Feed rate: 0.35 mmfrev 
Depth of cut: 1.0 mm 
Cutting time: 10 min 
Coolant: Dry 

55 

Results were shown in Tat)le 12. 
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EXAMPLE 4 

The same carbide substrate A as in EXAMPLE 1 was prepared. The surface of the carbide substrate A was sub- 
jected to honing arxl chemical vapor deposition using corv^onal eqinprnent under the conditions shown in Table 13 
5 to form hard coating layers that had a conposition and a designed thickness (at the flank of the cutting insert) shown in 
Table 14. Coated carbide cutting Inserts in accordarKe with the present invention 30 through 34 and conventional 
coated carbide cutting inserts 22 through 26 were prxxjuced in such a manner. 

Further, continuous cutting tests and interrupted cutting tests were conducted for the above cutting inserts under 
the following conditions. A wear wkflh on a flank face was measured in each tests. 
TO For coated cart»de cutting inserts of the present invention 30 through 34 and conventional coated cartnde cutting 
inserts 22 through 26. following cutting tests were corviucted: 

(4-1 ) Cutting style: Continuous turning of cart>on steel 
Work piece: JIS S45C round bar 
IS Cutting speed: 450 mMn 

Feed rate: 0.3 mnrVrev 
Depth of cut 3 mm 
Cutting time: lOmin 
Coolant Dry 

20 

(4-2) Cutting style: Intenriipted turning of carbon steel 
Work piece: JIS S45C square bar 
Cutting speed: 200 n^n 
Feed rate: 0.3 mnVrev 
25 Depth of cut 3 mm 

Cutting time: 5 min 
Coolant: Dry 

Results were shown In Table 1 5. 

30 

EXAMPLES 

A cemented cartxde cutting tool memt>er of the present invention is coated with the following series of layers to form 
a hard coating layer: 

ss 



6th layer 


TIN 


0.3 microns thick 


5th layer 


AI2O3 


3 microns thick 


4th layer 


TIC 


1 micron tiiick 


3rd layer 


AI2O3 


10 microrv thk;k 


2nd layer 


Mostly T12Q3 


1 micron thick 


1st layer 


TICN 


5 microns thick 


Substrate 


Cemented Carbide 





50 The present application is based on Japanese Priority Appfications JP 09-120704. filed on May 12. 1997. JP 09- 
238198, fOed on September 3. 1997. and JP 09-318100. filed on Ntovember 19, 1997, the entire contents of wfiich are 
hereby incorporated by reference. 

ss 



8 



EP0878S63A1 



Carbide 
sub^rate 


Conrposition (wt%) 


Vacuum sintering conditions 


RockweD 
hajdness 
(Scale A) 




Co 


fn,w)c 


(ri,W)CN 


(Ta.Nb)C 


WC 


Vacuum 
(torr) 


Tempera- 
ture rc) 


Time (hr) 




A 


6.3 




6 


4.1 


Balance 


0.10 


1380 


1 


90.3 


B 


5.3 


5.2 




5.1 


Balance 


0.05 


1450 


1 


90.9 


C 


9.5 


8.1 




4.9 


Balance 


0.05 


1380 


1.5 


89.9 


0 


4.5 




4.8 


3.1 


Balance 


0.10 


1410 


1 


91.4 


E 


10.2 






2.2 


Balance 
(Coarse) 


0.05 


1380 


1 


89.7 



Table 2 



Hard coating l^iyer 


Corxiitions for forming hard coating layer 




Composition of reactive gas (volume %) 


Ambience 






Pressure (torr) 


Temperature (**C) 


AI203 


AiaS : 2.2%. C02 : 5.5%. HCI: 2.2% , H2 : Balance 


50 


1000 


TiC 


TiCW : 4.2%. CH4 : 4.5% . H2 : Balance 


SO 


1020 


TIN 


TiCM : 4.2% . N2 : 30% . H2 : Balance 


200 


1020 


TiCN 


TICM : 4.2% . CH4 : 4% . N2 : 20% . H2 : Balance 


50 


1020 


TiCN* 


TiCW : 4.2% . CH3CN : 0.6% . N2 : 20% . H2 : Balance 


50 


910 


TICO 


TiCM : 2%, CO : 6% . H2 : Balance 


SO 


980 


TiNO 


T1CI4 : 2% . NO : 6% . H2 : Balance 


SO 


980 


TiCNO 


TiCI4 : 2% . CO : 3% . N2 : 30% , H2 : Balance 


50 . 


980 


ri203" 


TiCM : 2.5% . C02 : 3.5% , N2 : 43.5% , H2 : Balance 


200 


1000 



* : TiCN layer having a aystal morp h ology longHudlnally grown 
: intervening layer comprising mainly corundum tianium odde 

45 



so 



55 
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Table 6 



Hard coating layer 


Conditions for forming hard coating layer 




Composition of reactive gas (vdume %) 


Ambience 






Pressure (torr) 


Temperature (^'C) 


TiC 


TiCI4 : 4% , CH4 : 9% , H2 : Balance 


50 


1020 


TIN (first layer) 


ria4 1 4% . N2 : 30% . H2 : Balance 


50 


920 


TiN (the other layer) 


Tia4 : 4% . N2 : 3S%. ^ : Balance 


200 


1020 


TiCN* 


Tia4 : 4% , CH3CN : 1.2% , N2 : 30% . H2 : Balance 


50 


900 


TiCN 


riCI4 : 4% . CH4 : 4% . N2 : 30% . H2 : Balance 


50 


1020 


TiCO 


TiOA : 4% . CO : 9% . H2 : Balance 


50 


1020 


TiNO 


Tia4 : 4% . NO : 9% . H2 : Balance 


50 


1020 


TiCNO 


Tta4 :4%.CO:S%.N2:8%.H2: Balance 


50 


1020 


Ti203** 


Tia4 : 2.5% . C02 : 3.5% . rsl2 : 43.5% . H2 : Balance 


80 


1020 


AI203(a) 


AIOS : 22% . C02 : 5.5% . HQ : 2.2% . H2 : Balance 


50 


1030 


AI203(b) 


AICI3 : 2.2% . C02 : 5.5% . HCI : 2.2% . H2 : Balance 


50 


970 



* : TCN layer having a crystal mcirphology longiludinaly {ymm 
** : intervening layer compneing mainly corundum titanium oxide 
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IS 



20 



30 



40 



SO 
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Table 9 



Insert 


Rank wear (mm) 


Insert 


Rank wear (mm) 


This invention 


11 


0.17 


Conventional 


11 


Failure at 0.9min 




12 


0.18 




12 


raiureat 1.4nrtin 




13 


0.21 




13 


Failure at 2.1min 




14 


0.20 




14 


Failure at 2.Smin 




15 


0.18 




15 


Failure at l.lmin 




16 


0.18 




16 


Failure at 2.3min 




17 


0.17 




17 


F^lure at 2.Smin 




18 


0.15 




18 


Failure at 1.6min 




19 


021 




19 


Failure at 3.3min 




20 


022 




20 


Failure at 1.6min 


Remark : Failure is caused by chfiping 
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Table 10 





Hard coating layer 


Corxfittons for forming hard coating lay®' 


5 




Corhposhion of reactive gas (votume %) 


Anijlence 








Pressure {ton) 


Temperature ("Q 




TiN (first layer) 


TiCI4 : 4% , N2 : 30% . H2 : Balance 


50 


920 


10 


TiN (the other layer) 


ria4 : 4% . N2 : 35% . H2 : Balance 


200 


1020 




TiCN* 


Tia4 : 4% . CH3CN : 1 .2% , N2 : 30% . H2 : Balance 


50 


900 




TiCNO 


1 iCi4 : 4% , CO : 5% , N2 : 8% , H2 : Balance 


50 


1020 


IS 




riCt4 : 2. 5% . CX>2 : 3.S% . N2 : 30% . Ar : 40% . H2 : 
Balance 


200 


1030 






riCI4 : 2.5% . C02 : 3.S% , N2 : 20% . Ar : 30% , H2 : 
Balance 


200 


1030 


20 


TiOrVi** tr>\ 


Tia4 : 2.5%. C02 :3.5%. N2 :20%. Ar :20%, H2 : 
Balance 


200 


1030 




1 uil^/O . \P) 


TiCM : 2.5% . C02 : 3.5%. N2 : 20% . Ar : 10% . H2 : 
Balance 


200 


1030 


25 


TIZU3 (e) 


TiCI4 : 2.5% , C02 : 3.5% . fsl2 : 10% , Ar : 5% . H2 : 
Balance 


200 


1030 




Ti2O3"(0 


Tia4 : 2:5% . C02 : 3.5% . N2 : 10% , Ar : 0% . H2 : 
Balance 


200 


1030 


30 


ri203** (g) 


Tia4 : 2.5% . C02 : 3.5% , N2 : 10% , Ar : 5% , H2 : 
Balance 


60 


900 




Ti203** (h) 


Tia4 : 2.5% , QOZ : 3.5%, N2 : 5% , Ar : 5% , H2 : Bal- 
ance 


100 


950 


ss 


ri203** 0) 


Tia4 :2.5%, C02 .2.0% , N2 :5%, Ar :0%. H2 : Bal- 
ance 


250 


1030 




AI203 


Aiaa : 2.2% . C02 : 5.5% . HCI : 2.2% , H2 : Balance 


50 


1030 



* : TCN layer having a crystal morphology longiliicfinally grown 
** : intervening layer oonprising mainly corundum tianium oxide 

40 



45 
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Table 11 



Insert 


IHard coating layer (Figure in parenthes means designed thickness : ^m) 






1st layer 


2nd layer 


3rd layer 


4th layer 


5th layer 


TTiia invantion 


21 


Tin (1) 


TiCN*(6) 


Ti20a** (a)(1) 


A1203(7) 


TiN (0.3) 


22 


TiN (1) 


TICN* (6) 


Ti203** (b) (1) 


AI203(7) 


TiN (0.3) 


23 


Tin (1) 


TiCN- (6) 


Ti203** (C) (1) 


AI203(7) 


TiN (0.3) 


24 


Tin (1) 


TICN* (6) 


Ti203** (d) (1) 


AI203(7) 


TiN (0.3) 


25 


TiN (1) 


TiCN- (6) 


TI203- (e)(1) 


AI203(7) 


TiN (0.3) 


26 


TiN (1) 


TiCN- (6) 


Ti208** (f)(1) 


AI203(7) 


TiN (0.3) 


27 


Tin (1) 


TiCN* (6) 


Ti203-(o)(l) 


AI203C7) 


TiN (0.3) 


28 


TiN (1) 


TiCN-{6) 


Ti203- (h)(1) 


AI203(7) 


TIN (0.3) 


29 


TIN (1) 


TICN* (6) 


Ti203** (i) (1) 


AI203(7) 


TIN (0.3) 


Conventional 


21 


TiN (1) 


TiCN* (6) 


TiCNO (1) 


AI203(7) 


TIN (0.3) 



* : TiCN layer having a crystal morphology longitudinally grown 
** : intending layer comprising mainly oonMidum titanium wide 



2S 



30 



35 



40 



45 



50 
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10 
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Table 13 



Hard coating layer 


Conditions for forming hard coating layer 




Conposrtion of reactive gas (volume %) 


Ambience 






Preestre (tonr) 


Temperature (''C) 


TIC 


ria4 : 4% . CH4 : 9% , H2 : Balance 


50 


1020 


TIN 


Tia4 : 4% . N2 : 35% . H2 : Balarrce 


200 


1020 


TiCN 


ria4 : 4% . CH4 : 4% , N2 : 30% . H2 : Balance 


50 


1020 


TiCN* 


Tia4 : 4% , CH3CN : 1^ . N2 : 30% , H2 : Balance 


SO 


900 


TiCO 


ria4 : 4% . CO : 4% . KI2 : BalarKe 


50 


1020 


TiNO 


1104 : 4% . NO : 6% . H2 : Balance 


50 


1020 


TiCNO 


Tia4 : 4% . CO : 3% . rM2 : 30% , H2 : Balance 


SO 


1020 


ri203" 


Tia4 : 3%. 002 : 3% . N2 : 30% . H2 : Balance 


100 


1020 


AI203 


Aia3 : 2:2% . C02 : 5.5% , HQ : 2.2% . H2 : Balance 


50 


1020 



• : TON layer having a CTystal morphology longitiicfinaly grown 
** : intervening layer conprising may corundum tilanium oxide 
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Table 15 



Insert 


Flank wear (mm) 


Insert 


Rank wear (mm) 




(4-1) 


(4-2) 




(4-1) 


(4-2) 


Thi8 invention 


30 


0.31 


0.25 


Conventional 


22 


0.36 


FaOureat2.3nin 


31 


0.32 


0.24 


23 


0.33 


FaOure at 1 JSnin 


32 


0.29 


0.28 


24 


0.49 


Faflureat 1.1 min 


33 


0.30 


0.25 


25 


0.57 


FaOure at 1 .3min 


34 


0.33 


0.24 


26 


0.33 


FaSure at 3.8niin 


Remark : F^Oure is caused by clipping 



Ctalms 

1 . A coated carbide cutting tool memk>er comprising: 

a 8ut)drate; and 

a hard coating layer on said sub^rate^ 

wfwrein said hard coating layer comprises at least one layer comprising a titanium oonpound having a 
cut)ic lattice structure, at least one layer comprisjng aluminum oxide, and at least one intervening layer, 

wherein said intervening layer is between said layer comprising said titanium compound having a cubic 
lattice structure and saki aliminum oxide layer, or between said aluminum oxide layers, and 

sakj intervening layer comprises titanium oxkie having a corundum lattice structure. 

2. The article of Qaim 1 . wherein said substrate comprises tungsten cart>kle. 

3. The article of Claim 1 . wherein saki at least one layer comprising said titanium compound having a cubic lattice 
structure conprises at least one layer selected from the group consisting of titantLin carbide, titanium nitride, tita- 
nium C8rtx>nrtride, titanium carboxide, titanium nitroxkJe, and titanium cartx)nitroxida 

4. The article of Claim 1 , wherein said intervening layer has a thickness of 0.1 to 5 ^m. 

5. The article of Claim 1 . wherein said intervening layer has a thickness of 0.05 to 2 |im. 

6. The article of Qaim 1 , wherein said hard coating layer fms a th^kness of 3 to 25 ^m. 

7. The article of Claim 1 , wfierern each of said aluminum oocide layers has a thnkness of 0.5 to 10 ^m. 

8. The article according to Claim 1 , wherein said intervening layer comprising titanium oxide having a corundum lat- 
tice structure shows a maximum peak intensity at 2e-34.5±l * in a X-ray Mrstitm pattem using a Cu ka-ray. 

9. The article according to Claim 1 , wherein sakJ intervening layer furtiier comprises titanium carbonltfoodde in a cubk; 
lattice structure. 

10. The article according to Claim 8, wherein sakf intervening layer furtiier comprises titanium carbonitroodde in a cubk; 
lattice structure. 

11. The article according to Claim 1. wherein an atomic ratio of cartx>n, nitrogen, oxygen and titanium in sak] interven- 
ing layer is expressed as folkiws: 

0%S(C + f^/(Ti + O + C + N) s 10%. 

12. The article according to Claim 1 1, wherein sakI atomic mtu> is: 
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0.5%S(G ♦ Nj/(Ti + U + C + N) S S%. 

1 3. The artide accorcfing to Claims 9 and 1 0, wherein an atomic ratio of cartx^n, nitrogen, oxygen and titanium in said 
inteivening layer is exprtesed as follows: 

0%s(C + N)/rn-i-O + C + N) a 10%. 

14. The article accorcfing to Claim 13, wherein said atomic ratio is: 

0.5%a(C -f N)/(Ti 4. 0 + C 4- N) £ 5%. 

1 5. A coated carbide cutting tool member comprising: 

a substrate oorrpristng tungsten carbide; and 

a hard coating layer on said substrate having a thidviess of 3 to 25 pm. 

wtierein said hard coating layer comprises at least one layer comprising a titanium compourxi having a 
ciiaic lattice structure, at least two layers comprising aluminum oxide, and at least one intervening layer. 

wherein said intervening layer is between said layer comprising said titanium compound having a cubic 
lattice stixicture and said aluminum oxide layer or t>etween said aluminum oxide layers, and 

said intervening layer comprises titanium oxide having a corundum lattice structurei 

16. The article of Claim 15, wherein said at least one layer comprising said titanium conpound having a cubic lattice 
structure comprises at least one layer selected from ttie groip consisting of titanium carbide^ titanojm nitride, tita- 
nium cart)onitride. titanium caiboxide. titanium nitroxide. and titanium caibonitiwide. 

17. The artide according to Claim is, wherein each of said aluminum codde layers has a thidviess of 0.5 to 10 |im. 

18. The artide of Claim 15. wherein said intervening layer has a thickness of 0.05 to 2 ^m. 

1 9. The article according to Claim 1 5, wheren said intervening layer coinprising titanium oodde having a corundum lat- 
tice structure shows a maximum peak intensity at 2eo34.5ci:1« in a X-ray diffraction pattern using a Cu ka-ray. 

20. The article according to aalm 15, wherein said intervening layer firther oonrprises titanium carboniti-oxide in a 
cut>ic lattice structure. 



21. The article according to Oaim 19. wherein said intervening layer futher comprises titaniiFn cartxwiititjxide in a 
cubic lattice structure. 

22. The article according to Claim 1 , wherein said Intervening layer is In contact with both of said layer comprising said 
titanium compound having a cubic lattice structure, and said aluminum oodde layer. 
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